Abstract Most studies characterize metacommunities based on a single snapshot of the spatial structure, which may be inadequate for taxa with high migratory behavior (e.g., fish). Here, we applied elements of metacommunity structure to examine variations in the spatial distributions of stream fishes over time and to explore possible structuring mechanisms. Although the major environmental gradients influencing species distributions remained largely the same in time, the best-fit pattern of metacommunity structure varied according to sampling occasion and whether or not we included non-native species in the analyses. QuasiClementsian and Clementsian structures were the predominant best-fit structures, indicating the importance of species turnover among sites and the existence of more or less discrete community boundaries. The environmental gradient most correlated with metacommunity structure was defined by altitude, area of artificial ponds in the catchment, and dissolved oxygen content. Our results suggest that the best-fit metacommunity structure of the native species can change in time in this catchment due to seasonal changes in distribution patterns. However, the distribution of non-native species throughout the landscape homogenizes the temporal variability in metacommunity structure of native species. Further studies are necessary from other regions to examine best-fit metacommunity structures of stream fishes within relatively short environmental gradients.
Introduction
The metacommunity concept substantially advanced ecological research by providing an opportunity to examine how local niche-based processes interact with regional dispersal-based processes to influence patterns of community structure across the landscape (Leibold et al., 2004; Holyoak et al., 2005) . At the regional level, species are often distributed along multiple environmental gradients, resulting in particular patterns of metacommunity structure (Presley et al., 2009) . Clementsian distributions arise when groups of species show similar responses to environmental gradients and therefore can be classified into well-defined, distinctive community types (Clements, 1916) . Gleasonian distributions reflect individualistic responses that yield a continuum of gradually changing composition without clumping (Gleason, 1926) . Evenly spaced gradients can occur in systems with intense interspecific competition in which trade-offs in competitive ability result in spatial distributions with evenly dispersed populations (Tilman, 1982) . Alternatively, intense competition may manifest as mutually exclusive spatial distributions, resulting in checkerboard patterns (Diamond, 1975) . Metacommunities with nested structure are associated with predictable patterns of species loss in which speciespoor communities are proper subsets of more speciose communities; the resulting pattern of species loss is based often on species-specific characteristics such as dispersal ability, habitat specialization, tolerance to abiotic conditions (Patterson & Atmar, 1986; Ulrich et al., 2012) . Until recently, these models have been tested separately and, in many cases, even without determining whether the spatial distribution was significantly different than random (Leibold & Mikkelson, 2002; .
The elements of metacommunity structure (EMS) approach of Leibold & Mikkelson (2002) is useful when trying to characterize the overall pattern of species distributions from a regional perspective (e.g., Clementsian, Gleasonian, nested distributions) by assessing aspects of coherence, species turnover, and boundary clumping. These components (Fig. 1 , see ''Materials and methods'' section for more detail), coupled with the additions of , identify patterns in the spatial distribution of multiple species across the region and allows for the exploration of relationships between species distributions and environmental gradients. Previous pattern identification methods mostly tested for the existence of a single spatial distribution (e.g., nested or checkerboard patterns), whereas the EMS approach of Leibold & Mikkelson (2002) tests for multiple distributions simultaneously by discriminating among a set of idealized patterns and their quasi-structures in a single set of analyses . Examining spatial and temporal patterns in how species are spatially distributed using EMS can be fruitful for our generalizations about the diversity and relative frequency of community patterns in nature, especially in regards to the effects of human perturbation (e.g., habitat modifications, climate change, introduction of non-native species). From an applied perspective, a comprehensive understanding of how species are spatially distributed and disperse within and among fragmented habitats (i.e., metacommunity structure), and how that structure changes through time is required to establish effective conservation policy. For example, a nested structure may permit the prioritization of just a small number of the richest sites, whereas a Clementsian or Gleasonian structure requires devoting conservation efforts to several different sites, not necessarily the richest ones (Baselga, 2010) . The identification of idealized distribution patterns is also at the heart of applied stream ecology because management usually requires well-defined assemblage types for conservation purposes (Aarts & Nienhuis, 2003; Heino et al., 2003; Hermoso & Linke, 2012) .
Freshwater assemblages (e.g., fish and macroinvertebrates) have been associated with a variety of nonrandom species distribution patterns (Jackson et al., 2001; Heino, 2011) . Several studies examined whether they show discrete species assemblages or a continuum in individualistic species replacement along the longitudinal profile of streams and rivers (Matthews, 1998; Statzner & Higler, 2006; Lasne et al., 2007) . Nested distribution patterns due to selective extinction and/or colonization events or changes in the diversity of habitats have also been identified along the longitudinal continuum (Taylor, 1997; Er} os & Grossman, 2005) . Although much is known about the spatial distribution of stream assemblages in regards to longitudinal zonation within a river (Aarts & Nienhuis, 2003; Ibarra et al., 2005; Statzner & Higler, 2006) , few studies have investigated the spatial distribution in regards to a network of smaller streams and shorter environmental gradients (but see Heino, 2005 for a test on stream macroinvertebrates). Additionally, the lack of studies that focus on the temporal variability in metacommunity structure in stream systems is surprising given that streams are dynamic ecosystems both spatially and temporally (Resh et al., 1988; Lake, 2000; Grossman et al., 2010) . In terms of temporal, or seasonal variation, stream fish often migrate between feeding habitats, spawning grounds, and refugia (Schlosser, 1991) . The potential movement of fish over time should alter local and regional patterns of diversity (i.e., metacommunity structure). Additionally, patterns of biodiversity are increasingly affected by the introduction of non-native species that can potentially impact communities by altering habitat, increasing predation pressure and/or interspecific competition (e.g., for food or shelter), and hybridizing with native species (Fridley et al., 2007) . The impact of non-native species on spatial and temporal patterns of metacommunity structure, however, remains largely unknown.
The objective of this study was to examine temporal variability in metacommunity structure of stream fishes in the catchment of Lake Balaton, Hungary. First, we wanted to characterize fish species distributions across the landscape by determining bestfit metacommunity structures over time. Second, we wanted to disentangle the potential effects of nonnative species on metacommunity structure by using only native species (and consequently excluding nonnatives) in the same temporal EMS analyses. Third, we wanted to determine which environmental variables were most likely responsible for producing the observed metacommunity structure.
Materials and methods

Study area and stream surveys
We sampled a total of 40 sites across 22 wadable streams in the catchment of Lake Balaton, Hungary (5,775 km 2 ) from Spring 2008 to Autumn 2010 (Fig. 2) . A complete description of the study area can be found in the work of Sály et al. (2011) , but will be reiterated here, briefly. The dominant land use type in the catchment is agricultural (mainly arable lands, vineyards, and orchards) and comprises about 40% of the total area. Deciduous forests (28%) as well as pastures and grasslands (12%) are the other characteristic land cover types. The proportion of stagnant water bodies, watercourses, and wetlands is in combination 14%, and that of the human inhabited area is 6%. The highland and lowland streams in the catchment provide heterogeneous environmental conditions for fish, ranging from well-shaded stream sections to more open, weed or macrophyte-dominated channels. The dominant substrates are typically gravel or siltsand. Streams are usually less than 5 m wide, and they are fairly modified with dikes along the banks for controlling floods, especially in the most lowland sections. Ponds and small reservoirs (hereafter ponds) used for aquaculture, recreational fishing, and irrigation purposes can be also found in the catchment. Fig. 1 A diagrammatic representation of how EMS can differentiate among six idealized patterns of metacommunity structure and their quasi-structures, adapted from Willig et al. (2011) , and originally conceptualized in Leibold & Mikkelson (2002) and . Note that the dark gray ovals are the EMS and the light gray area highlights the ''Quasi-'' structures These artificial ponds are built on the streams and some of them maintain dense populations of nonnative species, which may regularly escape into the streams, especially at high water levels, when the sluices are usually opened (see Er} os et al., 2012) .
Fish surveys
The 40 sites were surveyed three times in each year (spring, summer, and autumn) with a standardized sampling protocol, resulting in a total of 360 samples (40 sites 9 3 years 9 3 seasonal samples). The sampling sites were randomly selected from potential candidate sites, which were selected after preliminary investigation in 2006 and 2007 to be representative of longer stream sections (i.e., stretch with similar instream habitat features and riparian characteristics) based on land use and instream habitat characteristics, and accessibility constraints. At each site, we surveyed a 150 m long reach by wading, single pass electrofishing using a backpack electrofisher (IG200/2B, PDC, 50-100 Hz, 350-650 V, max. 10 kW; Hans Grassl GmbH, Germany). This amount of sampling effort was found to yield representative samples of fish assemblages in this study area for between-site assemblage comparisons (Sály et al., 2009) and is also comparable with those routinely used elsewhere for the sampling of fish in wadeable streams (Magalhães et al., 2002; Schmutz et al., 2007; Hughes & Peck, 2008) . Fish were stored in aerated containers filled with water while fishing, then identified to species level, counted, and released back to the stream.
Environmental variables
We measured a number of local environmental and landscape-level variables (Appendix I in Electronic Supplementary Material) that have been shown to structure fish assemblages in this catchment (Sály et al., 2011) and elsewhere (e.g., Wang et al., 2003; Hoeinghaus et al., 2007) . At each sampling site, 6-15 transects (depending on the complexity of the habitat) were placed perpendicular to the main channel of the stream to characterize physical features of the environment. Wetted width was measured once along each transect, whereas water depth and current velocity (at 60% depth) were measured at 3-6 (varied according to the width) equally spaced points along each transect. Visual estimates of percentage substratum cover were made at every transect point as well (see Appendix I in Electronic Supplementary Material for categories). Percentage substratum data of the transect points were later pooled and overall percentage of substrate categories were calculated for each site. Conductivity, dissolved oxygen content, and pH were measured with an OAKTON Waterproof PCD 650 portable handheld meter before fish sampling, and the content of nitrogen forms (i.e., nitrite, nitrate, ammonium) and phosphate were measured using field kits (Visocolor ECO, Macherey-Nagel GmbH & Co. KG., Germany). Coefficient of variation (CV) of depth, velocity, and width data were also calculated to characterize temporal variability in flow regime. Land cover variables were quantified based on their proportion (%) in the catchment area above each sampling site. Digital land cover information was obtained from the CORINE Land Cover 2000 database (CLC2000; European Environmental Agency, http://www.eea. europa.eu) (see Appendix I in Electronic Supplementary Material). We quantified the variable ''pond area'' as the total area of ponds located within the upstream catchment of each sample site. The longitudinal position of each sample site was measured as the stream-line distance from each site to its upstream source and to the downstream mouth of the stream at a scale of 1:80,000 using the National GIS Database of Hungary (Institute of Geodesy, Cartography and Remote Sensing, Hungary). The variables altitude, stream-line distances, and land cover descriptors were measured only once, whereas instream physical and chemical variables were measured during each sampling occasion.
Data analysis
Following Leibold & Mikkelson (2002) and , we analyzed aspects of coherence, species turnover, and boundary clumping (EMS analysis) to characterize the seasonal metacommunity structure of stream fish assemblages over time. We used reciprocal averaging (also called correspondence analysis, CoA), an unconstrained ordination method, to arrange the sampling sites so that sites with similar species composition are adjacent and to arrange the order of species so that species with similar spatial distributional range (i.e., spatial occurrence patterns) are closer together. One of the advantages of using this ordination technique is that one does not have to a priori specify which environmental variables to include because the first axis is based on maximum association between site scores and species scores (Leibold & Mikkelson, 2002) . That is, the primary axis represents the strongest relationship between species composition within a site and spatial distribution of species among sites. Thus, any environmental variables significantly correlated with that primary axis of variation, or latent environmental gradient, would likely be an important factor in determining a species' distributional pattern.
After rearranging the data matrix, we tested for coherence in species occurrences along the compositional gradient defined by the first ordination axis (CoA1). We counted the number of embedded absences (gaps in species distributions) and compared that number to a null distribution created from a null model with 1,000 iterations. The null model constrained simulated species richness of each site to equal empirical richness, with equiprobable occurrences for each species . If the number of embedded absences was significantly different from random with more embedded absences than that expected by chance, we considered coherence to be negative. This suggests that trade-offs in competitive ability between species may manifest as a ''checkerboard'' like spatial distribution (Diamond, 1975) . If the number of embedded absences was significantly less than that expected by chance, we considered the coherence within the metacommunity to be positive. Positive coherence indicates that a majority of the species are responding similarly to a latent environmental gradient defined by the primary axis of variation (Leibold & Mikkelson, 2002) .
For metacommunities that were positively coherent, an additional aspect (species turnover) was considered. Species turnover was measured as the number of times one species replaced another between two sites (i.e., number of replacements) for each possible pair of species and for each possible pair of sites. A replacement between two species (e.g., species A and B) occurs when the range of species A extends beyond that of species B at one end of the gradient and the range of B extends beyond that of A at the other end of the gradient. The observed number of replacements in a metacommunity is compared to a null distribution that randomly shifts entire ranges of species (Leibold & Mikkelson, 2002) . Significantly low (negative) turnover is consistent with nested distributions, and significantly high (positive) turnover is consistent with Gleasonian, Clementsian, or evenly spaced distributions, requiring further analysis of boundary clumping to distinguish among them. Boundary clumping quantifies the geographic distribution of all species, determining whether the metacommunity is clumped, evenly spaced, or random with respect to the spatial distribution of species across the region (Leibold & Mikkelson, 2002) . We quantified the degree of boundary clumping using Morisita's index, which is typically viewed as a statistical measure of dispersion of individuals in a population (Morisita, 1971) . However, this index can be extrapolated to include the dispersion of species in a metacommunity (Leibold & Mikkelson, 2002) . Index values significantly greater than 1 indicated substantial boundary clumping (i.e., Clementsian distribution), values significantly less than 1 indicated evenly spaced boundaries, and values not significantly different from 1 indicated randomly distributed species boundaries (i.e., Gleasonian distribution).
We performed the EMS analysis for each seasonal survey separately (i.e., nine occasions). We conducted the analyses at the entire assemblage (which included both native and non-native species) and the native assemblage (containing only native species) levels for each seasonal dataset. This resulted in a total of 18 EMS analyses (9 occasions 9 2 assemblage levels). Rare species (i.e., species representing\0.1% relative abundance and/or species that occurred only at one site) were removed prior to analyses to reduce their disproportional effect on the results (Legendre & Legendre, 1998; Presley et al., 2009; Keith et al., 2011) . Analyses of coherence, species turnover, and boundary clumping (i.e., EMS) were conducted with algorithms written in Matlab 7.5 ; available at http://faculty.tarleton.edu/higgins/ metacommunity-structure.html).
Modeling metacommunity structure with environmental data
We used multiple linear regression to assess the importance of environmental variables in influencing metacommunity structure, with the first corresponding axis serving as the dependent (i.e., response) variable (see e.g., Keith et al., 2011; Willig et al., 2011 for a similar approach). We performed the analyses separately for each season and for the entire and the native assemblage levels, which yielded 18 multiple regression analyses (9 seasons 9 2 assemblage levels). Before data analyses, the environmental variables were transformed depending on their scale of measurement to improve normality and reduce heteroscadisticity (see Appendix I in Electronic Supplementary Material). Strongly collinear variables (r [ 0.7) were omitted from further analyses. The explanatory variables were then screened via a forward selection procedure with Monte Carlo randomization tests (10,000 runs) to obtain a reduced set of significant variables (variables retained at P \ 0.05) for the final regression models (Blanchet et al., 2008) . Regression models were fitted on the standardized dependent and independent variables [i.e., variables with 0 mean and 1 standard deviation (SD)] to yield standardized partial regression coefficients (i.e., beta coefficients) from the models (Quinn & Keough, 2002) . Standardized partial regression coefficients are directly comparable with each other, and indicate the relative importance of the independent variables in explaining the variability of the dependent variable. The forward selections (Dray et al., 2009 ) and the regression models were conducted within the R statistical environment (R Development Core Team, 2012).
Results
Altogether we collected 39 species and 71,291 specimens during the 3-year study (Appendix II in Electronic Supplementary Material). Of the 39 species, 15 were regarded as rare species (for definition see ''Materials and methods'' section) and were omitted from the analyses. Hence 24 species (19 native and 5 non-native) were retained for further analyses. EMS revealed the existence of different patterns of metacommunity structure depending on time period and the assemblage level (entire assemblages or non-natives excluded). At the entire assemblage level (Table 1) , two best-fit structures were identified across all sampling months, Gleasonian and quasi-Clementsian. However, Gleasonian structure occurred only in the first sample (spring of 2008), after which, quasi-Clementsian pattern (e.g., see Fig. 3 ) persisted for the remaining eight sampling occasions, suggesting metacommunity structure changed little over time. However, the variance explained by the first CoA axis was relatively low in each occasion and varied between 17.7 and 24.0%. Exclusion of non-natives influenced the results markedly (Table 2) . After removing non-native species from the analyses, we observed Clementsian, quasi-Clementsian, Gleasonian, and random metacommunity structures; however, there was no clear trend in changes in metacommunity structure over time. Similar to the analyses at the entire assemblage level, the variance explained by the first CoA axis was relatively low in each season and varied between 18.2 and 25.9%.
Regression analyses indicated that the gradient in fish assemblage composition (i.e., CoA1) was well modeled with environmental variables (Tables 3, 4) . Adjusted R 2 values varied between 0.479 and 0.774 at the entire assemblage level analyses (Table 3) . The main environmental variables selected by the modeling procedure for both the entire and the native assemblage levels included altitude, pond area, and dissolved oxygen content; however, the statistical relationship and importance of each of these variables were not the same for each season. Adjusted R 2 values increased slightly after removing non-native species and ranged from 0.489 to 0.802 (Table 4 ), but the most influential variables remained the same (altitude, pond area, and dissolved oxygen content).
Discussion
The metacommunity structure of stream fishes in the catchment of Lake Balaton changed temporally and differed when non-native species were included in the analyses. At the entire assemblage level, the metacommunity structure was consistent with a quasiClementsian structure for every season except Spring 2008 in which case a Gleasonian distribution best-fit the data. On the contrary, a variety of metacommunity structures, including even random distribution pattern characterized the native assemblage level dataset, although quasi-Clementsian and Clementsian structures were dominant. These results show that species distributions were generally coherent, which indicates that species responded similarly to an environmental gradient. In our study, the environmental gradient that correlated the most with the primary axis scores of the CoA was predominantly defined by altitude, pond area, and dissolved oxygen content. Because the temporal extent of our study covered only 3 years, we discount water-basin level extinctions during the 3 years as being influential in these changes (Er} os et al. unpublished results). Instead, we hypothesize that the temporal changes in metacommunity structure were attributable to changes in within and among site occupancy patterns of fishes driven largely by migration dynamics (i.e., local scale immigration and emigration events) and their responses to the environmental gradients.
Metacommunities with positive coherence and nonsignificant turnover have a non-random (i.e., quasi) structure (Fig. 1) . These quasi-structures can emerge due to weaker structuring forces than those effecting idealized patterns (e.g., Clementsian, Gleasonian) in which turnover is significant . The most frequently occurring metacommunity structure and the only quasi-structure we observed was quasiClementsian. It indicated by positive coherence, nonsignificant positive turnover, and positive boundary clumping. This structure emerged because the distribution of many species spanned the entire compositional gradient, whereas other species were restricted to one end or the other of the CoA primary axis. For example, the Eurasian minnow (Phoxinus phoxinus) and the stone loach (Barbatula barbatula) always occupied only one half of the gradient, whereas the weatherfish (Misgurnus fossilis), the European perch (Perca fluviatilis), and some rare species typically occupied the other side of the gradient (Fig. 3) . Both the stone loach and the Eurasian minnow are characteristic species of higher altitude streams, whereas the many rare species occurring in the other side of the gradient are typical of lowland streams that have a more diverse fish assemblage composition than highland ones (Er} os, 2007) . On the contrary, the most common fishes, such as the chub (Squalius cephalus), bitterling (Rhodeus sericeus), gudgeon (Gobio gobio), and roach (Rutilus rutilus) were relatively abundant along the whole gradient. These results suggest that these fish are responding to an environmental gradient, but some species groups are responding differently to variation along that gradient. The larger the variation in composition the more likely the metacommunity will have a ''Quasi'' component . In a recent study on stream fish assemblages, Hermoso & Linke (2012) found that assemblage level predictions from typespecific (i.e., environmental classification based) approaches were no different than random expectations. In fact, the models performed poorly as a result of high levels of within and among type variation, and only site-specific approaches (i.e., continuum-based modeling techniques, which predict fish assemblages for each site separately) could predict the variability in assemblages to some degree. In this respect, our study supports this general conclusion in that species responded to the environmental gradient, but did not have enough turnover in species composition along that gradient to be statistically different than random, a result which was further supported by the low explained variance in the first axis of the CoA. However, the significant clumping is indicative of a Clementsian pattern and is consistent with differences in species composition between upland and lowland regions. In our study, altitude and pond area proved to be the most stable variables with which fish assemblage composition (CoA1 axis scores) correlated in most occasions. Artificial ponds (reservoirs, fish ponds) are most frequent in the lowland areas in this catchment (Sály et al., 2011; Er} os et al., 2012) , and therefore it is not surprising that the composition of the assemblages in this lowlands showed opposite reaction to altitude. Therefore, this study confirms previous findings in which Er} os et al. (2012) applied a different analytical procedure (variance partitioning with redundancy analysis) and highlighted the fact that relatively small variations in altitude can contribute to changes in fish assemblage composition.
Previous studies that have used the EMS analysis to examine patterns of metacommunity structure have identified multiple idealized spatial patterns from a variety of species assemblages and ecosystem types (e.g., Presley et al., 2009; Hoverman et al., 2011; López-González et al., 2012) . However, to our knowledge only one study examined coherence, species turnover, and boundary clumping (i.e., EMS) as a means of characterizing metacommunity structure of stream organisms in which Heino (2005) found that the spatial distributions of stream midges were most consistent with Gleasonian and nested patterns (Heino, 2005) . Further, much of the emphasis on EMS has been spatial in nature with little focus on temporal variations. Of the few exceptions, Keith et al. (2011) observed no change in Clementsian structure of vascular plants in woodland patches approximately 70 years apart, despite a significant loss in beta diversity through taxonomic homogenization. For terrestrial gastropods of Puerto Rico, the spatial structure was least nested, or more random, immediately following a hurricane disturbance, becoming more nested as the forest recovered during secondary succession reducing spatial heterogeneity (Bloch et al., 2007) . Although these examples are useful to highlight the growing body of the EMS literature, unfortunately, the idealized metacommunity structures identified in other studies and organisms are not directly comparable to our results, because the environmental gradients and responses of organisms are different. Of those studies where only single distributional patterns were tested, nested distribution patterns have been found for both stream macroinvertebrates (Malmqvist & Hoffsten, 2000; Heino, 2011) and fishes (Taylor & Warren, 2001; Er} os & Grossman, 2005) . We did not find nested metacommunity structure in any occasion, although differences in species richness among sites were clearly important in this metacommunity. However, it is important to emphasize that EMS finds the best-fit pattern of Note that we calculated standardized partial regression coefficients [i.e., beta coefficients (Quinn & Keough, 2002) ] from the a priori 0 mean and 1 SD standardized variables, so that the importance of each variable could be directly compared Sp spring, Su summer, Au autumn, pa pond area metacommunity structure from a set of idealized patterns. In this catchment, positive turnover (i.e., changes in species composition) along the environmental gradient was a stronger structuring force than factors that cause richness differences among sites (e.g., changes in habitat complexity from source to mouth, Er} os & Grossman, 2005) . We observed temporal changes in metacommunity structure at the native assemblage level, but the structure remained relatively stable at the entire assemblage level. Removal of the non-native species allowed three of the quasi-Clementsian distributions observed at the entire assemblage level to become statistically significant in which case the overall spatial distribution was changed to Clementsian. However, in two other occasions the removal of nonnatives yielded random pattern; in one occasion Gleasonian structure was found. These results suggest that the dominant Clementsian and quasi-Clementsian metacommunity structure of the native species can change in time in this catchment due to temporally variable species distribution patterns that may be due to movement of some species between sites and/or to the effect of seasonally differing environmental factors on species distributions. In fact, the response of species assemblages to the environmental gradient suggests the importance of niche-based processes in determining metacommunity structure in this landscape. However, dispersal processes, the relative influence of which can change over time (Er} os et al., 2012) , could obscure the importance of niche-based structuring so that even a random pattern could emerge at some occasions due to between site movements of fish. This is the first time, to our knowledge, that shows that non-native species can homogenize temporal patterns in metacommunity structure. Since the occurrence of non-native species was rather restricted to the lowlands, whereas a few native species was the only characteristic species of the most highland streams (e.g., stone loach, Eurasian minnow, see Fig. 3 ) it is not surprising that inclusion of non-natives in the analyses could change the observed random pattern at the native assemblage level (Autumn 2009 and 2010) to become quasi-Clementsian at the entire assemblage level. However, the observed change from Clementsian distribution at the native assemblage level to quasi-Clementsian at the entire assemblage level can be due to a variety of effects, including the rather unpredictable occurrence of both native and nonnative species among individual sites. Our study thus highlights that distribution pattern of non-natives should be separately evaluated from those of native species when seeking for the best-fit metacommunity structure in landscapes where non-natives are present.
Mechanism-based (Er} os et al., 2012) and our patternbased approaches both show moderate responses (here turnover) of fish assemblages to environmental gradients in this landscape. Although we found quasiClementsian structure to be the most dominant metacommunity structure, our analyses indicated temporal variability in the best-fit metacommunity structure depending on which assemblage level was used in the analyses. The difference in species composition and associated distributions between highland and lowland streams likely accounts for a majority of the clustering of species, a hypothesis supported by the fact that altitude was one of the primary environmental factors. Since compositional changes of fishes along long environmental gradients are relatively well known, we believe that further studies are necessary from other regions to examine best-fit metacommunity structures of stream fishes within relatively short environmental gradients. This could help to better understand the predictability of fish assemblages to subtle changes in environmental heterogeneity and the dominant ecological mechanisms.
